This paper presents an integer decomposition method. The method first writes an integer as a polynomial with 2 as variable that its coefficients are zero or one. Then, suppose that an integer is decomposed into product of such two polynomials that their orders are greater than one. By comparing the coefficients of two side, we obtain a system of the multivariate quadratic equations. Therefore, the integer decomposition problem is transformed into the problem of solving a system of the multivariate quadratic equations. Furthermore, solving a system of the quadratic equations is reduced to solving a system of the linear equations. The method of solving the system of linear equations is given. The number of operations of solving the system of the linear equations in addition, subtraction, multiplication and division is estimated.
Introduction
Integer decomposition is closely related to many famous problems, such as P and NP problem, and RSA cryptosystem cryptography design and decryption( [1] [2] ).
To break down the RSA cryptosystem is to decompose a large integer M into the product of two prime numbers, i.e M = pq where p and q are two prime numbers.
The decomposition of an integers into the product of some primes is a fundamental problem in number theory( [3] [4] ). How to decompose an integer into the product of primes is difficult problem( [5] ). There are several integer decomposition methods, such as short division, Chinese phase reduction algorithm and so on( [6] ). However, existing methods are still difficult to decompose large numbers.
In this paper, a new method of an integer decomposition is proposed. The method proposed in this paper is to transform integer decomposition problem into solving a system of the linear equations.
A New Method of integer decomposition
Let M be an odd number, its binary representation is as follows
where γ i = 1 or 0 (i = 1, 2, · · · , N − 1). Suppose M has the following decomposition
where α 0 = β 0 = α m = β n = 1, α i = 1 or 0 (i = 1, 2, · · · , m − 1) and β j = 1 or 0 (j = 1, 2, · · · , n−1). The question now is how to determine α i (i = 1, 2, · · · , m−1) and β j (j = 1, 2, · · · , n − 1). Next, we will derive the equations that they must satisfy. Without loss of generality, we always assume that m ≤ n. In the subsequent derivation, we will use the binary representations of m. Suppose its binary representation is as follows 
From (4), we can see that m and n must satisfy certain restrictions. They will be given in the following theorem. 
By (1) and (6), we obtain m + n < N + 1 m + n + 2 > N which implies that N − 2 < m + n < N + 1
Since m and n are integers, we have
Thus, we find that m + n = N − 1 or m + n = N . The following two examples illustrate the possibility of both cases in Theorem 1. Example 1. 2 5 + 2 3 + 2 2 + 1 = (2 + 1)(2 3 + 2 2 + 2 + 1). In this identity, m = 1, n = 3 and N = 5, thus, m + n = N − 1. 
If m + n = N , by (7), we have
Using k ≤ N 2 , we find that
(8) is contradiction with (9). By Theorem 1, we get m + n = N − 1. Next, the key is to derive the algebraic equations to be satisfied by α i (i = 1, 2, · · · , m − 1) and β j (j = 1, 2, · · · , n − 1). Once such equations are derived, the integer decomposition problem is transformed into solving a system of the algebraic equations.
It is clear that (4) can be written as 
Notice that the value of β 1 + α 1 can only be one of 0, 1 and 2, so β 1 + α 1 can be expressed as In the above equation, except for the last term on both sides, all the other term can be divided by 2, so we have γ 
Similarly, because the value of β 2 + α 1 β 1 + α 2 + γ From the above deduction process, we can see that each derived equation is accompanied by corresponding constrains. In fact, these constrains do not necessarily apply to solving equations. Therefore, the constrains are no longer written in subsequent derivation process.
Continuing the above process, we obtain 
α i β 8−i + α 8 + 
In general, for any positive integer k (with 1 ≤ k < k 0 ), we have
where
Noting that m < 2 k0+1 , there are two possibilities. Case I. If m < 2 k0+1 − k 0 , we find that
From (4), we can see that the coefficient before 2 j has m + 1 terms if m ≤ j ≤ n, and the coefficient of 2 j is less a term than that of 2 j−1 if j > n. Thus, we get Case IA. If m = n, then α i (i = 1, 2, · · · , m − 1) and β j (j = 1, 2, · · · , n − 1) must satisfy the following equations
Case IB. If m < n, then α i (i = 1, 2, · · · , m − 1) and β j (j = 1, 2, · · · , n − 1) must satisfy the following equations
If m = n, we have
If m < n < 2 k0+1 , we have
(27) By (13), (19), (24), (25), (26) and (27), we have the following Corollary. Corollary 3. Let m ≥ 2 k0+1 − k 0 and 1 ≤ k < k 0 , the following results hold.
Case IIA. If m = n, then α i (i = 1, 2, · · · , m − 1) and β j (j = 1, 2, · · · , n − 1) must satisfy the following equations
and β j (j = 1, 2, · · · , n − 1) must satisfy the following equations
(29) Case IIC. If m < n and n ≥ 2 k0+1 , then α i (i = 1, 2, · · · , m − 1) and β j (j = 1, 2, · · · , n − 1) must satisfy the following equations (
The proof of Lemma 1 is simple.
Lemma 2. Let m + n = N − 1, then the following results hold.
From Theorem 1, m and n must satisfy m + n = N (with m ≤ n) or m + n = N − 1(with m ≤ n). The Diophantine equation m + n = N has sets of solutions, they are
). For convenience, we express the system of the quadratic algebraic equations corresponding to the solution (m, n) by A mn .
Theorem 2. Suppose that
then M is an odd prime if and only if A mn has no solution for all (m, n) satisfying m + n = N (with m ≤ n) or m + n = N − 1(with m ≤ n), where α i = 1 or 0 (i = 1, 2, · · · , m − 1) and β j = 1 or 0 (j = 1, 2, · · · , n − 1). Next, we show how to solve the system of the quadratic algebraic equations A mn . Because of the constraint conditions α i = 1 or 0 (i = 1, 2, · · · , m − 1) and β j = 1 or 0 (j = 1, 2, · · · , n − 1), we will see that to solve A mn is easy. Let , s start with an example.
Example 3. Decompose the integer F 4 = 2 2 4 + 1 = 2 16 + 1. By Corollary 1, we have m + n = 15. Seven sets of solutions are obtain, they are (m, n) = (1, 14), (m, n) = (2, 13), (m, n) = (3, 12), (m, n) = (4, 11), (m, n) = (5, 10), (m, n) = (6, 9) and (m, n) = (7, 8). Seven cases need to be considered in the example. Case 1. (m, n) = (1, 14), we have
Expanding the right hand side of the above equation yields
We obtain Noting that 1 ≤ β 3 + 1 ≤ 2, its solution is
Continuing this process, we get Because the left side of the above equation cannot be divisible by 2, this equation has no solution.
Case 2. (m, n) = (2, 13), we have
which implies that which has no solution. 
The solution of the above equation is 
The equations satisfied by variables α i (i = 1, 2) and β j (j = 1, 2, · · · , 11) are given by 45), we obtain Solving the above equations yields By the above equations, we get Case 3-3. Thus, we obtain 
4 ≤ i ≤ 11 1 + β 11 + β 10 + β 9 + γ Case 4-2. 
5 ≤ i ≤ 10 1 + β 10 + β 9 + β 7 + γ and β j (j = 1, 2, · · · , 9) are given by 
Case 5-3. 
Case 5-6. 
Case 6-27. 
Case 6-32. 
Case 7-2. 
Case 7-3. Case 7-4. 
Case 7-13. 
Case 7-24. 
Case 7-38. 
Conclusion
In this paper, a large number decomposition method is proposed. This method is simple, and its key is to solve three linear equations, their solutions are given in Theorem 3, Theorem 4 and Theorem 5, respectively. The advantage of the method is that we do not need to know any prime number, but only solve some linear equations.
The number of the four arithmetic operations to decompose a number by the method given in this paper can be easily estimated. The number of division operations required to represent a number as a binary number is N (with N ≤ log 2 M ). We need to solve 2 [ , and the number of division operations is not more than N . The number of the four arithmetic operations of solving a single system of linear equations is not more than 2N
2 . Therefore, the number of the four arithmetic operations to decompose a number M into the product of two numbers is not more than
